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Claims 

1 . High-purity tantalum material characterized by an oxygen content below 50 ppm and 
iron, nickel and chromium contents below 0.05 ppm. 

2. Method for the manufacture of the high-purity tantalum material described in Claim 1, 
characterized by melting, in a vacuum below 5 x 10" 5 mbar, tantalum purified by the iodide 
decomposition method. 

3. Method for the manufacture of high-purity tantalum material described in Claim 2, 
characterized by melting by the electron-beam melting method. 

4. Tantalum target, characterized by using the high-purity tantalum described in Claim 1. 

Detailed explanation of the invention 
Objectives of the invention 
Industrial application field 

The present invention concerns high-purity tantalum used in semiconductor devices, a 
method for its manufacture, and its use in sputtering targets. 

Prior art 

Currently, tantalum oxide (T^Os) thin films are being investigated as replacements for 
Si02 as accumulation capacitors in VLSI. The dielectric constant of Ta20s is about 6 times that 
of SiC>2, thus the capacitor area can be reduced. However, Ta20s has a larger leakage current 
than SiC>2, and when made into thin films, the effective dielectric constant decreases, thus it has 
not been used. The Ta20s thin films can be formed by reactive sputtering, the CVD process, etc. 
In the case of reactive sputtering, sputtering is carried out using a tantalum target in an 
argon-oxygen mixture to form thin films. 

On the other hand, for VLSI electrodes, high-melting metal silicides, such as Mo, W, etc,, 
are used, while Ta silicide is being examined as the next-generation electrode material. Some 
methods exist for forming Ta silicide films. In forming Ta silicide by forming Ta film on 
polycrystalline silicon, then reacting silicon and Ta, a pure Ta target is used. 
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In general, the impurities described below, when present in metals used for VLSI, have 
adverse effects on devices, and high purity is required. 

a. Alkali metals such as Na, K, etc. (interfacial property deterioration). 

b. Radioactive elements such as U, Th, etc. (soft errors). 

c. Heavy metals such as Fe, Cr, etc. (interfacial adhesion problems). 

Currently, industrially manufactured tantalum targets are obtained by melting tantalum 
purified by the electrochemical method, etc., into tantalum ingots which are then processed into 
targets. However, they contain the elements described above in large amounts, thus they cannot 
be used for LSI. Even in minute contents, such elements have adverse effects on device 
performance, thus it is necessary to make very pure tantalum for targets. 

Problem to be solved by the invention 

Tantalum prepared by the prior art has high impurity contents and cannot be used for LSI 
materials. It is an objective of the present invention to provide high-purity tantalum, a method for 
its manufacture, and tantalum targets using same. 

Constitution of the invention 
Means to solve the problem 

Namely, the present invention concerns high-purity tantalum material characterized by an 
oxygen content below 50 ppm, and iron, nickel and chromium contents below 0.05 ppm. 

Furthermore, the present invention concerns a method for the manufacture of high-purity 
tantalum material, characterized by melting, in a vacuum below 5 x 10' 5 mbar, tantalum purified 
by the iodide decomposition method. 

Operation 

Increased electrical resistance due to the inversely increased degree of integration of LSI 
and finer devices causes signal delays. With this background, low electrical resistance is 
demanded for the next-generation electrode materials. However, oxygen in high-melting metal 
silicide films increases electrical resistance. Recently, contamination during the film forming 
process has become very small, and impurities in targets are reflected as impurity concentration 
in films. Here, the present inventors examined in detail the relationship between oxygen 
concentration in Ta targets and the specific resistance of reactive Ta silicide films. 

First, a 0.1-|im-thick Ta film is formed on polycrystalline silicon and lamp annealed at 
1000°C to form a Ta silicide film. The oxygen content of the Ta target is 30 ppm, 50 ppm, 100 
ppm, 250 ppm, or 400 ppm, while other impurity contents are identical. Figure 1 shows the 
relationship between oxygen concentration and specific resistance of the Ta silicide film. As 
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clearly shown in the figure, with an oxygen concentration above 1 00 ppm, the specific resistance 
increases with increasing oxygen concentration. Namely, to reduce the specific resistance of 
reactive Ta silicide films, the oxygen concentration in Ta targets must be below 50 ppm. 

When Ta20s is used for accumulation capacitors in place of SiC>2, the most significant 
problem is high leakage current. Recently, it has been learned that the leakage current is related 
to impurity concentration in the target. When films are formed very thin, effects are very 
pronounced even at a very low impurity concentration. To investigate the effects of heavy metal 
impurities on leakage current, Ta20s thin films were prepared by reactive sputtering using three 
targets prepared by different manufacturing processes. The concentrations of iron, nickel, and 
chromium are shown in Table 1 . 
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Key: 1 Target 

The concentrations of elements in A, B, C other than those shown in Table 1 are about 
the same. All films had a thickness of about 15 nm. Figure 2 shows the relationship between 
electric field and leakage current density of the films. The Ta2<35 film formed using target A with 
the lowest concentration of iron, nickel, and chromium had very low leakage current compared 
with those prepared using target B or C, indicating that reducing the heavy metal element content 
is effective for reducing leakage current, and keeping the concentration below 0.05 ppm is 
necessary. 

Thus, for tantalum targets for VLSI, gradual reduction of sodium, potassium, uranium, 
and thorium is important, but concentration of the oxygen and heavy metal element contents 
should be reduced. High-purity targets which meet these specifications can be produced in the 
following process. 

Such high-purity tantalum targets can be obtained from high-purity tantalum prepared by 
a combination of the iodide decomposition method and electron-beam melting. The iodide 
decomposition method is a kind of chemical transport method and is used for purification of 
active metals such as tantalum, as well as titanium, zirconium, hafnium, etc. The purification 
utilizes the reactions (1) and (2) shown below: 
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Ta + 5/2I 2 -> Tal 5 (300-700°C) (1) 
Tal 5 -» Ta + 5/2I 2 (800- 1 500°C) (2) 

Namely, tantalum reacts with iodine at 300-700°C to form Tal 5 (equation (1)). Then, Tal 5 
decomposes at a high temperature of 800-1500°C according to equation (2) into tantalum and 
iodine. Figure 3 shows an example of the apparatus for manufacturing high-purity tantalum by 
the iodide decomposition method, with a reactor (1) in which raw material tantalum (4) and 
iodine (5) are placed, filament (2) is connected to power source (6) via connectors (7a, 7b), and 
the temperature is raised to 800-1 500°C by electric heating. The entire reactor is placed in a 
thermostat bath (3) and maintained at 300-700°C. In this temperature range, by the reaction 
according to equation (1), tantalum reacts with iodine to form Tal 5 . Tal 5 decomposes on the 
filament according to equation (2) into iodine and tantalum with deposition of tantalum on the 
filament, and iodine reacts again with raw material tantalum, moving tantalum onto the filament. 
In this case, the impurities in raw material tantalum have low reactivity to iodine and remain in 
the raw material. In principle, only pure tantalum moves to the filament. The high-purity 
tantalum obtained by the iodide decomposition method is purified according to this principle. 
The vapor pressure of each metal iodide is dependent upon temperature, and at the tantalum 
iodide formation temperature (300-700°C), iodides of Na, K, U, Th, Fe and Cr have very low 
vapor pressures, resulting in enhanced purification. 

On the other hand, in the electron-beam melting process, impurities are separated by 
utilizing vapor pressure differences. The purification effect is very high for sodium, potassium, 
etc., with high vapor pressure. The titanium [sic] purified by the above iodide decomposition 
method is further purified by the electron-beam melting process. By melting in a high vacuum 
below 5 x 10" 5 mbar, contamination by oxygen and nitrogen is small, and high-purity tantalum 
ingots can be obtained. The ingots can be worked by forging or machining to obtain tantalum 
targets with the desired shape. 

Application example 

Commercially available raw material tantalum and iodine were placed in the Hastelloy 
reactor shown in Figure 3, and the reactor was placed in a thermostat bath at about 550°C. A 
tantalum filament with a diameter of 2.0 mm was electrically heated to about 1000°C for 
deposition of tantalum on the filament, which grew to a diameter of 25 mm after 105 h. The 
high-purity tantalum thus obtained was further purified by electron-beam melting in a vacuum of 
1x10" mbar and finished into targets by forging or machining. Table 2 shows the analytical 
values after the iodide decomposition process and after electron-beam melting. 
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Key: 1 Raw material 

2 After iodide decomposition process 

3 After iodide decomposition process + electron-beam melting process 

As shown in the table, by using a combination of the iodide decomposition method and 
electron-beam melting, the content of each element can be reduced greatly. 

Next, this target was used to form a 0.1-jxm-thick Ta thin film on polycrystalline silicon 
by sputtering and lamp annealing at 1000°C to form a Ta silicide film. The specific resistance of 
this film measured by the 4-pole method was 35.2(i Q-cm. 

A Ta20s film was formed using this target by reactive sputtering. An electric field was 
applied and the leakage current measured. At 2.5 |iV, the leakage current density was 

, x 10 [iHegibIe] A . cm -7^ 

Effects of the invention 

According to the present invention, by electron-beam melting of tantalum obtained by the 
iodide decomposition method, tantalum material can be prepared with much higher purity than 
conventionally possible, and in turn, high-purity tantalum targets can be obtained. 

Brief description of the figures 

Figure 1 is a characteristic graph illustrating the relationship between the specific 
resistance of reactive Ta silicide film and oxygen concentration in the Ta target. Figure 2 is a 
characteristic graph illustrating the field strength dependence of leakage current of the Ta20s thin 
film. Figure 3 is a schematic diagram of an apparatus for the conventional iodide decomposition 
process. 

1 Reactor 

2 Filament 

3 Thermostat bath 



4 Tantalum 

5 Iodine 

6 Power source 
7a, 7b Connectors 
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Key: 1 Specific resistance of Ta silicide film 
2 Oxygen concentration in Ta target 
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Key: 1 Leakage current density 
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